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Introduction: Residence in a deprived neighbourhood is associated with lower rates of physical activity. Little
is known about the manifestation of deprivation that mediates this relationship. This study aimed to investigate
whether access to physical activity resources mediated the relationship between neighbourhood socio-
economic status and physical activity among women.
Method: Individual data from women participating in the Stanford Heart Disease Prevention Program (1979–
90) were linked to census and archival data from existing records. Multilevel regression models were
examined for energy expenditure and moderate and vigorous physical activity as reported in physical activity
recalls.
Results: After accounting for individual-level socioeconomic status, women who lived in lower-socioeconomic
status neighbourhoods reported greater energy expenditure, but undertook less moderate physical activity,
than women in moderate-socioeconomic status neighbourhoods. In contrast, women living in higher-
socioeconomic status neighbourhoods reported more vigorous physical activity than women in moderate-
socioeconomic status neighbourhoods. Although availability of physical activity resources did not appear to
mediate any neighbourhood socioeconomic status associations, several significant interactions emerged,
suggesting that women with low income or who live in lower-socioeconomic status neighbourhoods may
differentially benefit from greater physical activity resource availability.
Discussion: Although we found expected relationships between residence in a lower-socioeconomic status
neighbourhood and undertaking less moderate or vigorous physical activity among women, we also found
that these same women reported greater overall energy expenditure, perhaps as a result of greater work or
travel demands. Greater availability of physical activity resources nearby appears to differentially benefit
women living in lower-socioeconomic status neighbourhoods and low-income women, having implications
for policy-making and planning.

N
eighbourhood socioeconomic status (SES) is associated
with residents’ physical activity (PA),1 2 but little is
known about neighbourhood factors that account for

the association. Understanding neighbourhood factors that
influence PA may help explain the consistently low rates of PA
in the US,3 particularly among persons residing in low-SES
neighbourhoods. Women may be particularly vulnerable to
lower-SES neighbourhood environments4–7 and lower rates of
PA.3 8 Evidence suggests a need for research focused specifically
on women to understand these phenomena.

Epidemiological studies have typically focused on aggregate,
population-level variables to measure neighbourhood SES or
deprivation (e.g. census-based measures of income or educa-
tional attainment). For example, residence in neighbourhoods
with lower SES has been associated with low levels of PA.1

A disadvantage of this strategy is that it is difficult to pin-
point the topographical or social manifestation of deprivation
that contributes to physical inactivity. Deprived neighbour-
hoods have higher crime rates and reduced collective effi-
cacy,9 10 and fewer goods and services available.11 12 PA
resources13 15 may vary by the SES of the neighbourhood, with
more deprived neighbourhoods having fewer PA resources in
most US studies, although one study in Australia found that
public open spaces were more common in more deprived
neighbourhoods.16 Neighbourhood factors may be especially
influential among women, who may rely more on their
neighbourhood for resources as a result of child rearing and
other domestic responsibilities.17 Women’s social connections
and participation in local organisations may be inhibited more
than men’s in deprived neighbourhoods, because there may

be fewer opportunities,18 potentially contributing to social
isolation.17

Initial investigations have typically employed resident self-
reports of neighbourhoods. Residents who report their neigh-
bourhoods to be less safe report lower levels of PA,19 20 and self-
report of convenient PA facilities has been correlated with
greater PA.21–26 As women may have higher exposure to
neighbourhood environments, they may have attitudes and
experiences that in turn influence their health behaviours.27

Although self-reported information may be reliable,28 it is
unclear whether resident reports validly represent the neigh-
bourhood as they may be coloured by greater experience with
one’s neighbourhood. The correlation between greater PA and
reports of supportive neighbourhoods may simply be a result of
greater time in the neighbourhood during PA.5 25 29 30 It is
important to have accurate and reliable neighbourhood data to
know where policy and intervention efforts should be targeted
to influence the majority of the population, not just those who
are already physically active.

Few studies have investigated the relationship between
neighbourhood factors and residents’ PA using objective
evaluations relying on topographical features of neighbour-
hoods or municipal records, such as planning databases or
archival records (e.g. telephone books). Greater density of PA
resources has been associated with resident exercise,31 and
closer measured distance to PA resources such as a community
trail is associated with greater use.26 Residence near a seashore,
or perhaps any aesthetically pleasing outdoor space, is
associated with more PA.32 Studies like these suggest that
physical elements in neighbourhoods are associated with PA.
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The goal of this study was to investigate the relationship
between neighbourhood SES and individual PA, and then to
determine whether relationships were mediated by available PA
resources among women who participated in the Stanford
Heart Disease Prevention Program.

METHODS
Data
The analysis was based on multiple sources of linked data: the
Stanford Heart Disease Prevention Program (SHDPP), 1979–90,
contained respondent data from surveys, laboratory measures
and residential addresses. The SHDPP was a five-city, 6-year
field trial, begun after the baseline survey (1979–10), and was
designed to test whether a comprehensive programme of
community organisation and health education produced
favourable changes in the risk of cardiovascular disease.33 The
SHDPP drew participants from a total of 82 neighbourhoods
across two treatment (Monterey, Salinas) and two control
(Modesto, San Luis Obispo) cities in northern California,
ranging in population size from 35 000 to 145 000 residents
(a fifth city, Santa Maria, was followed for morbidity/mortality
surveillance only and is not included in the analysis).
Independent cross-sectional surveys of randomly selected
households were conducted. All people aged 12–74 years were
eligible to participate and were invited to attend study centres
located in each city, where they completed surveys, had risk
factors assessed by nurses and underwent laboratory tests.33–35

Response rates for the five surveys ranged from 56% to 69%.
Respondents were more likely than non-respondents to speak
English, be more educated and be overweight (women only),
and were less likely to smoke. The magnitude of these
differences was modest, suggesting little response bias.36 37

Few significant intervention-related changes in risk factors
were found; thus, all cities were combined for this analysis.36 38

The sample for this study included one woman per house-
hold, aged 25–74, interviewed during survey 1 (1979–80), 4
(1984–85) and 5 (1989–90), when information on PA was
collected (n = 2672). Nearly 80% had lived in their ‘‘commu-
nity’’ for five years or longer. On average, 12 (median = 9)
women participated per neighbourhood (range 1–56), calcu-
lated separately by survey. All research was approved by the
appropriate ethics committee at Stanford University and
conforms to the principles of the Declaration of Helsinki.

The SHDPP respondent data were linked via residential
addresses to census-defined neighbourhoods. In order to
characterise neighbourhoods using census data, we chose a
priori to rely upon census-defined boundaries (tracts and/or
block groups) that have been used as proxies for geographically
based neighbourhoods.4 5 29 39–41 We compared the census-
defined boundaries with archival paper city maps from the
time of the surveys, and determined that the neighbourhood
boundaries corresponded well with single census tracts or block
groups. When there was a difference (n = 12), we used a
combination of tracts or block groups to better represent
neighbourhood boundaries, based on guidance from city
planners, neighbourhood maps in the cities and comparison
of boundaries in 1980 and 1990. Eighty-two neighbourhoods
with the same boundaries for each survey were defined. We
tested the accuracy of the geocodes in two ways.42 Using the
government geocoding website as the ‘‘gold standard’’ (http://
www.ffiec.gov/geocode/default.htm), we found that 95–98% of
a random sample of 173 participant records geocoded to the
same 1990 census tract geocode as the geocoding service that
we used. Second, we conducted a site visit in two of the cities
with census tract maps from the Bureau of the Census to
determine whether the geocode corresponded to the correct
census tract in which the address was located, and found high

agreement (20 out of 21 addresses were located in the same
census tract indicated by the geocoding service). Participants
with addresses outside the cities (n = 84, or 1.0%) and
participants whose addresses were not able to be geocoded (n
= 138, or 1.6%) were excluded.

To describe the availability of PA resources, the addresses of
gyms, health clubs, health centres and exercise programmes
(‘‘gyms’’) were collected from the business listing of telephone
books for the survey years (1979–80, 1984–85, 1989–90). All
businesses received a free listing in the telephone books, and
business listings were considered ‘‘highly complete’’ when the
investigators made inquiries to telephone book company
employees who oversaw listings. Addresses of public parks
were obtained from each city’s parks and recreation depart-
ment. About 98% of the gyms (87 out of 89) and 75% (132 out
of 177) of the parks were successfully geocoded to the 82
defined neighbourhoods. The lower success rate for geocoding
parks resulted from street addresses that were not complete
(e.g. street name given without a number). Variables measur-
ing distance and density were calculated.

Independent variables at the individual level
The independent variables at the individual level were age, race/
ethnicity, marital status, annual household income as a
percentage of the federal poverty level (0–200%, 201–400%,
401–600%, 601+%) and educational attainment (, 12, 12, 13–
15, 16+ years). The Spearman correlation between income and
education was 0.35. Treatment versus control city and time of
survey were included as control variables.

Independent variables at the neighbourhood level
To characterise neighbourhood-level SES, we conducted a
principal component analysis with 11 SES-related variables
from the 1980 US census and identified the following five
variables that loaded high on the first component and
explained 72% of the total variance: percentage aged 25 and
over with less than high school education; median annual
family income; percentage blue collar workers; percentage
unemployed among the civilian labour force; and median
housing value. Correlations among the five variables ranged
from 0.50 to 0.85. When constructing the index, 1980 census
data were used for the first survey (1979–80) and 1990 census
data were used for the fifth survey (1989–90). For survey 4
(1985–86), the index was estimated using linear interpolation.
Each of the five variables were standardised separately by city
and survey and summed with equal weights for each of the 82
neighbourhoods in each survey. The index was then divided
into three groups – lower SES (bottom 25%), moderate SES
(middle 50%) and higher SES (top 25%) – separately by city
and survey. The number of neighbourhoods differed by city,
ranging from 7 to 33.

To characterise PA resources at the neighbourhood level, we
examined (1) the count of gyms (number of gyms in each
neighbourhood), (2) the count of parks (number of parks in
each neighbourhood), (3) the density of gyms (number of gyms
in each neighbourhood/square mileage of each neighbourhood)
and (4) the density of parks (number of parks/square mileage).
To characterise PA resources at the individual level, we also
examined (5) the closest distance in miles from the partici-
pant’s home address to a gym or a park and (6) a count of gyms
and parks located within a half-mile radius (‘‘buffer zone’’) of a
participant’s home.43

Dependent variables
Three variables measuring PA were examined. Daily energy
expenditure (kilocalories per kilogram of body weight per day)
was defined based on participant estimates of time spent over
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the last 7 days in sleep and in moderate (e.g. walking at a brisk
pace), hard (e.g. scrubbing floors) and very hard (e.g. jogging or
swimming) activity; light activity was calculated as the
remaining time after accounting for time spent in the other
activities. Activities were classified by their energy requirement
and expressed in terms of the ratio of the work metabolic rate
to the resting metabolic rate, expressed as metabolic equiva-
lents.44–46 Moderate activity was defined as a count of up to four
activities usually done (climbing stairs instead of taking the lift,
walking instead of driving a short distance, parking away from
destination in order to walk further, walking on lunch break or
after dinner). Vigorous activity was defined as performing any
of the following activities regularly for the past 3 months (jog at
least 10 miles per week, play strenuous racquet or other sports
at least 5 hours per week, ride a bicycle at least 50 miles per
week or swim at least 2 miles per week).

Analysis
For the primary statistical analyses, a series of multilevel
logistic or linear regression models with random intercepts
were examined for each dependent variable, using the SAS
GLIMMIX macro or the MIXED procedure (SAS Institute, Cary,
NC, USA).47 For each dependent variable, we calculated a null
model and a baseline model with only neighbourhood SES to
calculate the percentage of variation in the neighbourhood
means explained by neighbourhood SES (by subtracting the
between-neighbourhood variance in the baseline model with
neighbourhood SES from the total between-neighbourhood
variance obtained in the null model (null models not shown)
and then dividing by the total). Next, age, race/ethnicity,
marital status, income, education, an indicator variable for
treatment vs. control city and survey time were added to create
the full model. We then added each of the variables measuring
the availability of PA resources (parks and gyms) one at a time
as continuous measures to create models that included
geographical information systems (GIS) data to determine
whether neighbourhood SES influences were mediated by park
and gym availability. We also tested for interactions between
individual income (and education) and neighbourhood SES,
income (and education) and each of the variables measuring
the availability of PA resources (parks and gyms), and
neighbourhood SES and each of the variables measuring the
availability of PA resources.

RESULTS
Over half the women were under age 45, most were white non-
Hispanic, and nearly two-thirds were married at the time of
survey (table 1). Although 17% of the women had not
completed high school, over half had attended college for at
least some period. Nearly two-fifths of the women had incomes
that were over 400% of the federal poverty level. Women were
about equally distributed by city and survey; however, about
twice as many women lived in higher-SES neighbourhoods as
in lower-SES neighbourhoods.

On average, women used 35.7 kcal/kg of energy per day.
Levels were slightly higher for women who were younger,
Hispanic, never married, of lower SES, living in Salinas,
interviewed during survey 4 and living in the lower-SES
neighbourhoods. Larger differences were found for moderate
PA. Overall, women reported 1.7 moderate activities out of a
total of 4 possible. Higher counts were reported for women who
were younger, white non-Hispanic, never married, of higher
SES, living in Monterey or San Luis Obispo, interviewed during
survey 4 and living in the higher-SES neighbourhoods.
Vigorous PA showed the largest differences. Seven per cent of
women in the sample reported undertaking at least one of the
vigorous activities. In general, much higher percentages were

reported for women who were younger, ‘‘other’’ race/ethnicity,
never married, of higher SES, living in Monterey or San Luis
Obispo, interviewed during survey 5 and living in the higher-
SES neighbourhoods.

On every measure of PA resources (table 2), availability of
gyms and parks was greater in lower-SES neighbourhoods than
in higher-SES neighbourhoods, with the exception of distance,
with the average distance to a gym or a park being one-tenth of
a mile less in higher-SES neighbourhoods than in lower-SES
neighbourhoods. Differences were statistically significant
except in the case of gyms per square mile. Similar patterns
were observed when we examined the data stratified by
individual-level SES.

Table 3 presents the results from a series of multilevel
regression models for daily energy expenditure. The between-
neighbourhood variance was statistically significant (p,0.0001),
and 9% of the between-neighbourhood variance in daily energy
expenditure was explained by neighbourhood SES. In the
baseline model, women who lived in lower-SES neighbourhoods
had higher energy expenditure than those in moderate-SES
neighbourhoods. That association remained significant in the full
model and in each GIS model (only the model including gym
density is shown; other model results are available upon request).
Although none of the PA resource measures were significant
when they were added to the full model separately, we found a
significant interaction between individual income and gym
density (figure 1A). As gym density increased, low-income
women reported greater energy expenditure (35.8 kcal/kg/day
in the highest density neighbourhoods) than high-income
women, who reported less energy expenditure (34.8 kcal/kg/day
in the highest density neighbourhoods). For a 150-pound woman
(,68 kg) this would translate into an additional 68 calories per
day expended. Aside from age and a survey effect, no other
statistically significant associations were found with gym density
or any of the other PA resource availability measures.

Table 4 presents a similar series of models for moderate PA.
The between-neighbourhood variance was statistically signifi-
cant (p,0.0001), and 8% of the between-neighbourhood
variance in moderate PA was explained by neighbourhood
SES. Women living in lower-SES neighbourhoods were more
likely to report undertaking fewer moderate activities than
women in moderate-SES neighbourhoods. That association was
no longer statistically significant in the full model. Hispanic
women and other racial/ethnic groups reported fewer moderate
activities than white women, and younger age and higher
income or education was associated with more moderate
activities. None of the PA resource measures were significant
when they were added to the full model separately (see GIS
model). However, two significant interactions were found
(figure 1B and C): neighbourhood SES with gym density and
neighbourhood SES with parks. Women who lived in higher-
SES neighbourhoods reported fewer moderate activities as gym
density or parks increased, while women who lived in lower-
SES neighbourhoods reported more moderate activities as gym
density or parks increased.

Table 5 presents the logistic regression results for vigorous
PA. The between-neighbourhood variance was statistically
significant (p = 0.0003); and, although none of the between-
neighbourhood variance in vigorous activity was explained by
neighbourhood SES, women living in higher-SES neighbour-
hoods had about 50% higher odds of reporting vigorous PA
than their counterparts living in moderate-SES neighbour-
hoods. However, in the full model, those odds were no longer
statistically significant. Younger women and women with more
education were more likely to report vigorous PA than older
women and women with less education. None of the PA
resource measures were significant when they were added to
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the full model separately (see GIS model). No statistically
significant interaction effects were found.

Conclusions were unchanged when we repeated the models
with higher neighbourhood SES as the reference group.

DISCUSSION
Women who live in lower-SES neighbourhoods reported
greater energy expenditure, but undertook fewer moderate

physical activities, than women in moderate-SES neighbour-
hoods. In contrast, women living in higher-SES neighbour-
hoods reported more vigorous activity than women in
moderate-SES neighbourhoods. Although availability of PA
resources did not appear to mediate any neighbourhood SES
associations, several significant interactions emerged, suggest-
ing that women with low income or who live in lower-SES
neighbourhoods may benefit from greater PA resource avail-
ability.

Women who reside in lower-SES neighbourhoods reported
greater energy expenditure but less moderate and vigorous PA,
suggesting that these women are expending calories in
activities that do not fit traditional definitions of exercise (i.e.
structured, planned PA undertaken to enhance fitness).
Women who reside in lower-SES neighbourhoods may have
more opportunities for energy expenditure from daily lifestyle
activities, such as work or travel, that may not have been
detected by the instruments used in this investigation.48 People
in blue-collar jobs or who use public transport for travel report
greater energy expenditure than people in white-collar jobs or
who drive private vehicles.49 Greater daily energy expenditure
may also be a function of less time spent sleeping, perhaps as a
result of working more hours to make ends meet.

Few previous studies have investigated neighbourhood
associations with PA, and most have relied on measurement

Table 1 Sample characteristics and prevalences of physical activity among women in the
Stanford Heart Disease Prevention Program, 1979–90

Distribution, n (%)

Daily energy
expenditure
(mean kcal/kg/day)

Moderate
physical activity
(mean count)

Vigorous
physical activity
(% yes)

Overall 2672 (100.0) 35.7 1.7 range 1–4 7.0

Individual factors
Age group (years)

25–44 1417 (53.0) 36.4 1.8 10.4
45–64 912 (34.1) 35.3 1.7 3.8
65–74 343 (12.8) 34.1 1.6 1.8

Race/ethnicity
Hispanic 308 (11.5) 36.7 1.3 6.2
White, non-Hispanic 2238 (83.8) 35.6 1.8 7.1
Other race/ethnicity 126 (4.7) 35.5 1.4 7.9

Marital status
Married 1738 (65.0) 35.7 1.7 6.7
Never married 219 (8.2) 36.1 2.0 11.9
Previously married 715 (26.8) 35.6 1.7 6.3

Education
, High school 458 (17.2) 36.1 1.2 2.6
High school graduate 817 (30.6) 35.7 1.6 4.4
Some college 1080 (40.4) 35.6 1.9 8.8
College graduate 315 (11.8) 35.5 2.1 14.3

Income
0–200% 610 (24.0) 35.8 1.6 5.3
201–400% 972 (38.3) 36.0 1.7 6.7
401–600% 540 (21.3) 35.4 1.9 8.3
601+% 417 (16.4) 35.3 2.0 9.1

Design factors
City

Monterey 715 (26.8) 35.3 2.0 9.1
Salinas 700 (26.2) 36.2 1.5 5.3
Modesto 719 (26.9) 35.9 1.5 4.7
San Luis Obispo 538 (20.1) 35.4 2.0 9.7

Survey
1 (1979–80) 837 (31.3) 35.7 1.7 6.3
4 (1985–86) 910 (34.1) 36.6 1.9 6.9
5 (1989–90) 925 (34.6) 34.8 1.6 7.8

Neighbourhood socioeconomic status
Low (25%) 463 (17.3) 36.6 1.6 6.7
Moderate (50) 1349 (50.5) 35.6 1.7 6.2
High (25%) 860 (32.2) 35.4 1.8 8.5

Table 2 Physical activity resources* by neighbourhood-
level socioeconomic status (SES)

Neighbourhood-level SES

Lower Moderate Higher p Value

Gyms per neighbourhood 2.1 0.4 0.8 , 0.0001
Parks per neighbourhood 2.5 1.9 1.8 , 0.0001
Gyms per square mile 0.7 0.4 0.6 NS
Parks per square mile 1.9 2.2 1.5 , 0.0001
Closest distance to gym or
park

0.3 0.3 0.4 , 0.0001

Gyms and/or parks in
buffer zone

2.0 1.5 1.5 , 0.0001

*All values are mean counts, except for closest distance, which is measured
in mean miles. NS, not significant.
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instruments that detected solely leisure-time exercise types of
PA.1 2 39 Taken together with the current findings, it is evident
that there is a need to use more detailed assessment of PA that
includes information on the nature and type of PA done across
a variety of domains. This may be especially important in
investigations that seek to understand socioeconomic and racial
or ethnic disparities in PA and associated health-compromising

conditions. Although monitoring leisure-time PA is important,
there is a critical need for future studies to operationalise PA in
a manner that is not based on the activities undertaken
primarily by middle- and upper-SES women who have more
time and resources for leisure-time PA. This is especially
important given the increasing diversity of women and the
large numbers of women in the workforce, many of whom may
be the primary breadwinners in their families.

In contrast to the findings of other studies,14 50 availability of
PA resources was greater in lower-SES neighbourhoods than in
higher-SES neighbourhoods. The distribution of PA resources
may be driven by municipal factors such as the date of urban
design43 or how PA resources are defined. The three significant
interactions suggested that women who live in lower-SES
circumstances, at the individual or neighbourhood level, benefit
from having PA resources available. Having more PA resources
(gyms or parks in this study) may suggest more opportunities
for PA either from using the resource itself or from other
elements of the neighbourhood nearby the resource. Greater
density of gyms and parks may suggest greater availability of
goods and services in general, and that alone has been
associated with greater PA.51 52 Although the energy expendi-
ture suggested by living in a neighbourhood with more PA
resources is relatively small, it has large implications.
Expending an additional 68 kcal/day would, for a woman
weighing 150 pounds (68 kg), translate to about 1 pound
(0.4 kg) lost, or not gained, in a year. From a lifespan
perspective this small annual amount could make a large
difference in quality of life in older adulthood. Policies that
enhance access to PA resources and urban design may have the
capacity to influence the health of generations to come. Future
studies are needed that enhance the understanding of how
neighbourhoods can support physically active lifestyles by
providing PA opportunities via neighbourhood PA resources,
design and transport provision.

The relationship between PA and available resources is
complex. The relationship found between higher neighbour-
hood SES and greater vigorous PA is consistent with previous
findings.1 39 53 However, unlike the relationship of overall
energy expenditure and moderate PA to PA resource avail-
ability, vigorous PA appears to be unrelated to PA resource
availability in our study. For vigorous PA, perhaps quality,
safety and cost of PA resources may be more important factors
than physical access to the resource.43 54 Previous studies have
found that numbers and types of PA resources are similar in
higher- and lower-SES neighbourhoods, but that the PA
resources in the high-SES neighbourhoods are of much higher
quality.43 Unpublished investigations of those same data found
that residents in neighbourhoods with PA resources that had
fewer incivilities (eg litter, graffiti) and higher quality reported
more PA. Others have reported that the size and attractiveness of
public open spaces are determinants of PA among residents.16

The neighbourhood SES associations were no longer statis-
tically significant in the full model of moderate or vigorous PA.
However, it is important to keep in mind that individual-level
income and education, as well as other sociodemographic
factors, could be on the pathway between neighbourhood SES
and the dependent variables (i.e. neighbourhoods may partially
determine one’s attainment of income through educational and
employment opportunities); thus, the full models may be
overcontrolling for mediating effects. The ‘‘true’’ neighbour-
hood SES effect may perhaps best be considered as lying
somewhere between the baseline (unadjusted) model and the
full model association.55 In short, because the neighbourhood
SES association is no longer significant in the full model does
not necessarily mean that neighbourhood SES has no relation-
ship to PA.

Figure 1 (A) Gyms per square mile: interaction between gym density and
income. (B) Gyms per square mile: interaction between gym density and
neighbourhood SES. (C) Parks per neighbourhood: interaction between
parks and neighbourhood SES.
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Table 3 Mean differences, with 95% confidence intervals (CIs), in daily energy expenditure
among women in the Stanford Heart Disease Prevention Program

Daily energy expenditure (kcal/kg/day)

Baseline model:
mean difference
(95% CI)

Full model:
mean difference
(95% CI)

GIS model:
mean difference
(95% CI)

Age (per year) –0.001*** (–0.002 to –0.001) –0.001*** (–0.002 to –0.001)
Race/ethnicity

Hispanic 0.012 (–0.005 to 0.028) 0.012 (–0.004 to 0.027)
Other race/ethnicity 0.008 (–0.014 to 0.030) 0.008 (–0.011 to 0.031)
White, non-Hispanic 1.00 1.00

Marital status
Never married 0.005 (–0.012 to 0.023) 0.006 (–0.013 to 0.021)
Previously married 0.003 (–0.007 to 0.014) 0.003 (–0.008 to 0.013)
Married 1.00 1.00

Income (per unit
increase, range 1–4)

0.002 (–0.003 to 0.007) 0.002 (–0.009 to 0.003)

Education (per unit
increase, range 1–4)

–0.004 (–0.010 to 0.002) –0.004

Treatment vs. control city –0.002 (–0.013 to 0.009) –0.002
Survey

1 (1979–80) 1.00 1.00
4 (1985–86) 0.018**(0.005 to 0.031) 0.018** (0.008 to 0.035)
5 (1989–90) –0.025** (–0.038 to –0.012) –0.025** (–0.037 to –0.011)

Neighbourhood SES
Lower 0.025** (0.008, 0.041) 0.018** (0.003 to 0.034) 0.018* (0.004 to 0.035)
Moderate 1.00 1.00 1.00
Higher –0.004 (–0.017, 0.010) –0.002 (–0.014 to 0.010) –0.002 (–0.012 to 0.013)

Gyms per square mile –0.000 (–0.005 to 0.005)

Between-neighbourhood variance: 0.000822.
p value: p,0.0001
% explained by neighbourhood SES: 9%
*p,0.05; **p,0.01; ***p,0.001.
Note. Although models were run for each of the variables measuring the availability of PA resources (parks and gyms),
only gyms per square mile is presented as a result of space constraints.

Table 4 Mean differences, and 95% confidence intervals (CIs), in moderate activity among
women in the Stanford Heart Disease Prevention Program

Vigorous activity

Baseline model:
mean difference (95% CI)

Full model:
mean difference (95% CI)

GIS model:
mean difference (95% CI)

Age (per year) –0.007*** (–0.010 to –0.003 –0.007*** (–0.010 to –0.003)
Race/ethnicity

Hispanic –0.200* (–0.366 to –0.034) –0.197* (–0.363 to –0.031)
Other race/ethnicity –0.235* (–0.462 to –0.009) –0.234* (–0.460 to –0.008)
White, non-Hispanic 1.00 1.00

Marital status
Never married 0.088 (–0.088 to 0.265) 0.087 (–0.090 to 0.263)
Previously married 0.064 (–0.047 to 0.174) 0.064 (–0.047 to 0.174)
Married 1.00 1.00

Income (per unit
increase, range 1–4)

0.076** (0.024 to 0.127) 0.076** (0.024 to 0.127)

Education (per unit
increase, range 1–4)

0.171*** (0.112 to 0.230) 0.170*** (0.111 to 0.229)

Treatment vs. control
city

0.141* (0.020 to 0.261) 0.141* (0.019 to 0.262)

Survey
1 (1979–80) 1.00 1.00
4 (1985–86) 0.096 (–0.248 to 0.046) 0.091 (–0.058 to 0.239)
5 (1989–90) –0.101 (–0.052 to 0.243) –0.109 (–0.257 to 0.040)

Neighbourhood SES
Lower –0.206* (–0.389 to –0.023) –0.039 (–0.213 to 0.134) –0.043 (–0.218 to 0.131)
Moderate 1.00 1.00 1.00
Higher 0.106 (–0.044 to 0.256) –0.009 (–0.045 to 0.128) 0.003 (–0.135 to 0.140)

Gyms per square mile 0.021 (–0.037 to 0.079)

Between-neighbourhood variance: 0.1166
p value: p,0.0001
% explained by neighbourhood SES: 8%
*p,0.05; **p,0.01; ***p,0.001.
Note. Although models were run for each of the variables measuring the availability of PA resources (parks and gyms),
only gyms per square mile is presented as a result of space constraints.
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Neighbourhood SES is associated with PA, although the
relationships are complex and warrant greater investigation.
Although state of the art at the time, the PA measurement in
this study is a limitation by today’s standards. The measure of
energy expenditure is not detailed enough to determine
precisely where the calories are used. This study relied on a

composite, indicator variable to measure moderate PA. Thus, if
participants did the activities assessed by the questions, then it
is assumed that they probably also engaged in other types of
moderate PA regularly, because they are more physically active
across a much wider domain of moderate intensity physical
activities. Although having a gym or park nearby may not
directly influence whether a person routinely takes the stairs or
parks further away from the store, it may influence one’s ability
to get the total recommended amount of PA every day. The four
questions measuring moderate PA may simply be an indicator
of the types of moderate PA that a person might do. Future
investigations should include objective measures of PA and
detailed descriptions of PA resources.43 Investigations that
include more detailed measures of the physical environment
may help to define which features of PA resources, if any,
contribute to PA, and how these resource features can be
integrated into lower-SES neighbourhoods, where the need to
increase PA is greatest. Despite these limitations, the findings
are robust and consistent with previous findings, suggesting
merit in the use of these data to investigate the vexing
questions surrounding widespread levels of insufficient PA.

The strengths of the study include the careful assessment of
neighbourhood boundaries, validation of geocodes and low

Table 5 Odds ratios and 95% confidence intervals (CIs) for vigorous activity among women
in the Stanford Heart Disease Prevention Program

Vigorous activity

Baseline model:
odds ratio (95% CI)

Full model:
odds ratio (95% CI)

GIS model:
odds ratio (95% CI)

Age (per year) 0.95*** (0.94 to 0.97) 0.95*** (0.94 to 0.97)
Race/ethnicity

Hispanic 1.34 (0.81 to 2.23) 1.33 (0.80 to 2.21)
Other race/ethnicity 1.28 (0.67 to 2.43) 1.27 (0.67 to 2.41)
White, non-Hispanic 1.00 1.00

Marital status
Never married 1.14 (0.72 to 1.79) 1.14 (0.73 to 1.80)
Previously married 1.22 (0.86 to 1.74) 1.22 (0.86 to 1.74)
Married 1.00 1.00

Income (per unit increase,
range 1–4)

1.14 (0.98 to 1.33) 1.14 (0.98 to 1.33)

Education (per unit increase,
range 1–4)

1.63*** (1.34 to 1.98) 1.64*** (1.24 to 11.29)

Treatment vs. control city 1.09 (0.75 to 1.58) 1.10 (0.76 to 1.59)
Survey

1 (1979–80) 1.00
4 (1985–86) 1.07 (0.68 to 1.70) 1.10 (0.69 to 1.74)
5 (1989–90) 1.130.72 to 1.78) 1.16 (0.74 to 1.83)

Neighbourhood SES
Lower 1.01 (0.60, 1.68) 1.18 (0.67 to 2.06) 1.21 (0.69 to 2.12)
Moderate 1.00 1.00 1.00
Higher 1.53* (1.04, 2.26) 1.45 (0.97 to 2.17) 1.49 (0.99 to 2.23)

Gyms per square mile 0.92 (0.76 to 1.10)

*p,0.05; **p,0.01; ***p,0.001.
Note. Although models were run for each of the variables measuring the availability of PA resources (parks and gyms),
only gyms per square mile is presented because of space constraints.

What this paper adds

Neighbourhood socioeconomic status (SES) influences resi-
dents’ physical activity (PA) levels, even after adjusting for
individual-level SES. Little is known about the physical
manifestation of neighbourhood SES that may underlie this
relationship. Several studies have found that lower-SES
neighbourhoods have fewer PA resources available, potentially
contributing to lower rates of PA. Women may be particularly
vulnerable to neighbourhood influences on health, but there are
few data available to help understand these phenomena. This
study investigated whether the availability of PA resources
mediated the relationship between neighbourhood SES and PA
among women.

Although we found expected relationships between residence
in a lower-SES neighbourhood and less moderate or vigorous
PA among women, we also found that these same women
reported greater overall energy expenditure, perhaps as a
result of greater work or travel demands. The relationship
between neighbourhood SES and PA is complex; greater
availability of PA resources nearby appears to differentially
benefit women living in lower-SES neighbourhoods and low-
income women, having implications for policy-making and
planning. Future work should investigate the qualitative features
of PA resources that enhance PA opportunities, and more work
is needed to understand the lower rates of PA in women across
the SES spectrum.

Policy implications

Having access to physical activity (PA) resources may provide
benefits for women in low-socioeconomic status (SES) neigh-
bourhoods and low-income women. Policies that favour
municipal improvements in lower-SES neighbourhoods that
focus on increasing access to and improvement and main-
tenance of PA resources may have important benefits for
resident PA.
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proportions of missing data. Given the variability in the
accuracy of geocodes,42 our study was strengthened by
validating the accuracy of the geocodes. The survey data and
participant addresses available for geocoding were virtually
complete. The opportunity to apply complex statistical model-
ling methodology and investigation of cross-level interactions
provides fresh insight into the veracity and complexity of the
relationship between neighbourhood of residence and PA.
Greater availability of PA resources nearby appears to differen-
tially benefit women living in lower-SES neighbourhoods and
low-income women. Neighbourhood SES and availability of
resources are related to PA in women, and the field is ripe for
future investigations that quantify this relationship further.
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Martijn Huisman
King Saul, work-related stress and depression

T
he story of King Saul in the Bible provides a good example
of a man suffering from depression, and I believe that the
story fits well with current scientific understanding of the

role of work-related stress as a determinant of depression.1 2

According to Karasek’s job stress model, a combination of
high demands and low control at work will lead to psycholo-
gical stress,3 which can eventually lead to chronic disease,
including psychopathology. Several elements in the story of
King Saul are illustrative of the effects of job-related stress. I
will relate just one episode that I found especially moving when
I read it.

This context is Saul’s war against the Philistines. From the
start it is quite clear that Saul faces extremely unfavourable
odds. His people panic when the Philistine army gathers before
them, which is not surprising, as Saul’s core army amounts to
about 3000 men, while the Philistine army consists of ‘‘thirty
thousand chariots, and six thousand horsemen, and people as
the sand which is on the seashore in multitude’’ (1 Samuel
13.5). Furthermore, Saul has been ordered by the religious
leader Samuel to wait for his arrival after the hostilities have
started, so that Samuel will make it known what Saul must do.
Samuel, as Israel’s religious leader, speaks for God. Ignoring his
order is out of the question.

Clearly, the demands are extremely high: fighting a war
against all odds, keeping his frightened soldiers under control
and facing what appears to be almost certain defeat. Saul’s control
over the situation is obviously minimal. Before he can actually
take action, Saul needs to wait for the arrival of Samuel (for 7
days!) so that he can be told what course of action to follow.

In the end, Saul cannot bear the stress and he does what is
forbidden to him. He starts by giving burnt offerings to God, in
order to gain his favour in battle. However, giving burnt
offerings was traditionally a domain preserved for the priests

and hence was forbidden to the king. When Samuel finally
arrives, he reprimand Saul severely. Samuel says: ‘‘thou hast
done foolishly: thou hast not kept the commandment of the
Lord thy God, which he commanded thee: […] now thy
kingdom shall not continue […]’’ (1 Samuel 13.13–14).

Subsequently, Saul begins to display the well-known signs of
depression.

It is through an emotional experience of a piece of literature
that we learn from it.[4] I believe that the story of King Saul in
the Bible can provide us with such an experience, which can
help us understand the links between environmental stress and
mental illness.
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